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b ) INTRODUCTION

]

: The Space Shuttle Transportation system is composed of three main

i_ clements:  the orbiter; an externnl tank (1), which contains propellant

-i usad by the orbiter's main engines: and two Solid Rovket Hoostors (SRB'S)

The orbitor and the SRE's are rcuseable, while the ET §s disearded on
cnch flight.

At liftoft, the two BRI motors and the orbiter's main engines fire
simultaineously, to produce sufficient thrust to eseape the Barth's gravi-
tational pull. At approximately 150,000 (1, the two SRB's, their fuel
expended, are ejected, Later in the laineh sequence, the cmpty B is
also ejected. Thoese two events allow the orbiter's main englnes to push
the orbiter into Earth orbit sid gecomplish ity intonded mission.

This roport deals specilieally with the recovery subsystem on the

ol

SRI's.  The final SRB recovery sequence is shown in Figure 1.

TRADE STUDES

Recause the 8RB structural design wirs to he complete hefore the
Recovery Subdystem contract was let, nimerous detailed trade studies were
required to properly define the requived struetural interfaces and to arvive
at the most eeonomiead and relinble Tinal design for the SRB recovery sub-
system,  These trade stwdies were condueted in the $973-1979 time perimd,
Some of their results were the fionl determination of the SRB terminal veloeity,
the required number and size of main pnrachutes, the required size of the
drogue parachute, the panrachute reeling stages, the strocture intorlaee defind-
tion, deployment sequence, amt the recovery subsystom weight,  'Pwo impor-
tant results of these early tnude stwdies were as foltows: (1) Tt s economieally
advantapeous to retricve and vefuebish the pavchutes and the frastum stracture
ainee the SRB retvieval vessels will he in the vicinity durlng SRB retrieval
operations: and (1) three main pavachutes, one deogue parachute and one
pitad prachwte were determined (o he the design that would sive the premntest
flexibility to changing requirements and, of the sume time, minimize complexi-
ty, thereby lowering costs i dnerveasing reliahitity,
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DESCRIPTION OF SYSTEM

The SRR Rocovery System provides for the safe return of tho spent
SRB to Earth by decelerating the falling SRB cnse to an nceeptable water
impact velocity (86-90 fps). The floating SRB ense can then be towed
buck to shore and refurbishod for .ubsequent rouso.

The SRB Recovery System uses n two-stage baroswitch that is armed
on ascent after the SRB's havo seoparated from the orbiter/ET. This @ .
baroswitch fires the nose cuap thrustors at 15,000 ft. The ejected nose
cap deploys the 11,5-ft pilot purachute, which in turn doploys the 54-ft
drogue parachute. The drogue parachute orients the SRB to a "tail first"
attitude to cnable the deployment of the three main 115 {t parachutes to
take place. The three maln parachutes slow the falling SRB to a terminal
velocity of 85-90 ft per sccond.

The second stage of the baroswiteh closes at 6500 ft and fires the
inear shaped charge that severs the 146-in, diameter frustum from the
SRB. The drogue parachute pulls the frustum away from the SRB, and
this same action extracts the three mudn paraghutes from the frustum and
enables them to inflate to their first reefed stage. Both the drogue para-
chute and the three main parachutes disreef twice (drag ares increases)
to reach their final diameter.  All parachutes are 20 degree conical ribbon
construction,

The main parachutes are released from the SRB at water impact by
the pyrotechnic firing of six separation nuts. This sepuaration action
deploys a 50-ft tow pendoant which the retrieval vessel uses to tow the
SRB case to shore.

The frustum has flotation that is sufficient to support its weight
in water, as well as that of the drogue parachute.  In addition, the
frustum has a flashing light and a radio beacon to add in its Joeation and
retrieval.  The separated main parnchutes have flotntion bags attached to
their canopies and sonar pingers are attoebied to the risers to assist in
their loeation and retrieval.

RECOVERY SYSTEM PHYSICAL ARRANGEMENT

The Solid Rocket Booster Roecovery Systom is loeated in the forward
end of the SRB. The majority of the components arve loented in the nose
cone (consists of nose eap and frustum) as shown in Figure 2, The main
parachute separation nuts and the tow pendant are loeated on the forward
ring of the furward skirt as shown by Figure 3.
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The pllot parachute pack s hand-tacked to the top of the drogue
b, ‘Those tacks break when the ojected nose eap pulls the pllot puck
off the drogue bag., The droguo pack 12 held to the top of the frustum
hy six rostraining straps, Theso slx straps terminto into a common loop
on the top of the drogue pack. This loop is novorad by a reefing cuttor
approximately 0.5 sco aftor deployment of tho pilot parachute. This cut-
ting relonses the drogue pack and onables the pilot parachute to deploy
the drague parachute. 7Tho maln cluster (the throe main parachutoes) is
contained in tho frustum. A motallic isogrid nssembly partitions off the
three parachutes into separate compartmonts. The isogrid assembly pro-
vidos the structural intorface botween the parschute packs and the frustum
structure. - It also provides aupport for the altitude switeh assembly. The
fsogrid assembly is restrained at the top by 12 frustum attach fittings,
The three isogrid divider pancls are cach restrained at the bottom by two
monoball struts, The two risor assemblies extending from the bottom of
cach of the three main packs terminate at twu of six attach fittings on
tho forward skirt. One riser assembly fitting for cach parachute has a
sonar beacon attached (for occan retrieval), and one parachute riser
assembly on each SRB is attached to the tow pendant deployment lanyerd.
When the madne are separatod at SRB water impuct, the storod onorgy in
the riser/parachute system deploys the two pendant,

SUBSYSTEM TESTING

Testing the SRB Recovery system posed some unique problems.
The 80-plus ton weight of the SRB is the largest welght ever recovered
by parachute. Because this welght oxceeds the lond-carrying capability
of all drop aireraft, it was decided t» build an adr drop test vehicle which
would approximate one-third the weight of the SRB. This meant that the
recovery system would be "Flight Certified" by u development tost program
and Qualified by the first six DDT&E flights of the Space Shuttle. A
rather austerl budget lmited the number of nir drop tests to six. This
mennt tha! aultiple objectives would have to be accomplished on cach uir
drop.  In atdition, two rocket sled tests wore condueted with the nose-
eap fdrogue- pilot. seetion of the nose cone.  These two sled tests wore
used to verify the nose cap deployment coneept under the two oxtreme
SRB reentry attitudos,

Figure 4 shows the plned test objectives for cach testing phase.
Figure § reflects the final test objectives and how they were accomplished.
The final test objectives vary slightly from the original objectives.  ‘This
wis a result of o dramatie drogue faiture on air drop No. 3. One of the
two available nir drop test veldeles that were used on this test was
destroyoed; therefore, it was necessary to "work around" the other test
vehicle to insure that those tests posing the preatest risk be condueted
last,  ‘I'his scheduling offered the best insurance that the remaining test
vehicle would enable the Recovery System pavachutes to be flight certified
ot schedule,
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Reoanse of the Hmited drop welght, it was impossible to get fHght
load proflles on the drogue and main parnchmtes, The air drop test
program was A compromise of coat and time eonslderations, The parachutoes
wara daployed in overtest dyvnamic alr prossure conditiona in an attempt
to vorlly atructural intogrity of diserete aroan in the cnnopy. The skirt
aron of the drogue parachute wan structurally tosted by aceldent on afy
drop No, 3 when the totul eanopy was londed to fallure, The mnin pava-
chuto canopy was not subjoeted to full dosign loads but was cortifiod
flight-worthy by analysis,

A typleal sle drop seonurlo was as follows:  Paek tho parachutes in
tho drop tost vohiele; transport overland, by truck from 11 Centro,
Californie to Edwards Ay Force Base; lond tho diop tost vohiclo on tho
B-52G drop alr eraft; and perform final checkout tests. T'ho B-52 then
filos the drop test vehiclo to the National Parachute Test Rango at 11
Centro and drops the drop test vehicle from an altitude of 20,000 ft (Fig. 6).
A timer actuated drogue gun fires a slug which doploys a 2-ft vane parn-
ehuto.  Three separatjion bolts fire, releasing the cover from the 8-t
ribbon extraction parnchute. At a predetermined altitude, threo sepuara-
tion nuty reloase the drop tost nose enp,  The extraction purachute pro-
vides the energy to deploy the flight type 11,5 {t ribbon pilot parnchute.
From this point on, the program is a {light doployment sequence; i.e. .
pilot deploys drogue, frustum is severed from drop test vehicle and drogue
deploys mains, and the mains then lower the drop test vehlele to the
ground. Fipure 7 shows the RSS parnchutes and the drop test vehicle.

The drop test vehicle was mude strong enough to be reuscable,
This provided a significant cost savings to the rocovery system develop-
ment program,

SUMMARY

The Space Shuttle Solid Rocket Hooster Recovery Subsystem defini-
tion evolved from very detalled trade studies with firm guidelines regnrd-
ing shuplicity, low cost per flight, reuseability, and high rellability, The
development of the recovery subsystem was unique in taat the subsystem's
fmpact on the SRB structural design (i.e., loads) had to be determined
before any final detailed design or testing of the recovery system., Also,
bocause of NASA budget cut-backs, the actual building and testing of the
recovery system were delayed, and the developmoent was compressed since
the delivery dates were held the same.  In addition, against the advice
of all the known parachute "experts," the afr drop test program was
limited first to 13 wir drops and finally cut to six because of budgetary
constraints,

In spite of these tight constraints, the program progressed through
design, development, fubrication, and delivery of flight hurdware with a
minimum of problemy. This way achieved beenuse of u great deal of per-
sonnel attention from a small in-house team und, te no small extent,
because of the dedicated efforts of n competent and dedicated contractor.




The Space Shuttle S8olld Rockot Hooster Recovery Hubsystem has
comploted all requirod westing and Is cortifiod {Hght worthy for the first
shuttle flight. The flight components for HTN-1 are now "an borrd" ihe
first launch vehicle, and all flight hardware for ST8-1 througn HY4-6
has arrived at Kennedy S8pace Conter on or ahead of sehedulo and awaf*
aasembly on thelr rospective launeh veblelos,
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Fsoure 7. Development air drop No. 4.
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